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Root length and alveolar bone level of 
impacted canines and adjacent teeth 
after orthodontic traction: a long-term 
evaluation
Objective: The aim of this retrospective study was to evaluate the long-
term effects of orthodontic traction on root length and alveolar bone level in 
impacted canines and adjacent teeth. Material and Methods: Sample consisted 
of 16 patients (nine males and seven females), mean initial age 11 years and 
8 months presenting with unilaterally maxillary impacted canines, palatally 
displaced, treated with the same surgical and orthodontic approach. Teeth from 
the impacted-canine side were assigned as Group I (GI), and contralateral teeth 
as control, Group II (GII). The mean age of patients at the end of orthodontic 
treatment was 14 years and 2 months and the mean post-treatment time 
was 5 years and 11 months. Both contralateral erupted maxillary canines and 
adjacent teeth served as control. Root length and alveolar bone level (buccal and 
palatal) were evaluated on cone-beam computed tomography (CBCT) images. 
The comparison of root length and alveolar bone level changes between groups 
ZHUHDVVHVVHGE\DSSO\LQJSDLUHGWWHVWDWDVLJQL¿FDQFHOHYHORIS
5HVXOWV7KHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHV LQURRW OHQJWKDQG
buccal and palatal bone levels of canines and adjacent teeth among groups. 
Conclusions: Impacted canine treatment by closed-eruption technique associated 
with canine crown perforation, has a minimal effect on root length and buccal 
and palatal alveolar bone level in both canine and adjacent teeth, demonstrating 
that this treatment protocol has a good long-term prognosis.
Keywords: Impacted tooth. Root resorption. Corrective orthodontics. Cone-
beam computed tomography.
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Introduction
Dental abnormalities are often found during the 
diagnosis of orthodontic patients, especially the 
ectopic eruptions30. Several studies have associated 
the canine impaction with other anomalies1,18,27,29, such 
as agenesis, microdontia and dental transpositions, 
pointing to the hypothesis that these events have the 
same genetic origin1. Disregarding the third molars, 
maxillary canines present the greatest prevalence of 
ectopic eruption, ranging from 1% to 3% depending 
on the studied population group5-7,13DQGVSHFL¿FDOO\
the palatal displacement is more frequent than the 
buccal one2.
It is important to highlight that failure in early 
diagnosing and treating the impacted tooth can result 
in serious damages, such as external resorption of 
adjacent teeth esthetic problems, reduced dental 
arches, and increased follicular cyst formation, that 
may eventually cause tooth loss and periodontal 
involvement9,12.
The main side effect of orthodontic traction when 
managing ectopic canines is root resorption, which 
can affect not only canines but also adjacent teeth20,25. 
In a study using periapical radiographs to evaluate 
patients presenting palatally displaced canines treated 
by means of open surgical exposure and leveling 
approach, the roots of impacted canines and lateral 
incisors were smaller than those of contralateral teeth 
used as control28.
Factors, such as the initial positioning of the teeth, 
the size of the follicle and the proximity of impacted 
FDQLQHWRWKHDGMDFHQWWHHWKKDYHEHHQLGHQWL¿HGDV
responsible for root resorption of the involved teeth. 
Ericson and Kurol14 (1988) concluded that the size 
of the follicle or the positioning of the lateral incisor 
showed no correlation with root resorption. However, it 
VHHPVWKDWXQHUXSWHGFDQLQHVLQFUHDVHWKHULVNRIURRW
resorption in the adjacent teeth especially because 
of the physical proximity (<1 mm) between them32.
Another important sequelae related to orthodontic 
traction of impacted canines is the alveolar bone loss 
around the canine and the adjacent teeth as well as the 
¿QDOSHULRGRQWDOVWDWXV11,18,31. The diagnosis of these 
complications and specially its extension can be critical 
in deciding the treatment plan to be adopted and the 
prognosis of the tooth impaction. In this regard, the 
advent of cone-beam computed tomography (CBCT) 
was extremely important, because it enabled minor 
changes to be detected with greater accuracy24. Thus, 
root resorption and alveolar bone loss of support 
tissues surrounding each tooth can now be more 
accurate and precisely diagnosed24. Ericson and Kurol15 
(2000) demonstrated that the use of CBCT increased 
the detection of root resorption in approximately 50% 
compared with conventional x-ray exams.
Therefore, the aim of this study was to evaluate 
the long-term effects of orthodontic traction on root 
length and alveolar bone insertion in impacted canines 
and adjacent teeth.
Material and methods
This retrospective study was approved by the 
Research Ethics Committee of Universidade do 
Sagrado Coração, under protocol number 541-211.
To perform sample size calculation, the root length 
measurement in the upper canines, lateral incisors and 
¿UVWSUHPRODUVZDVFRQGXFWHGLQDSLORWVWXG\ZLWKVL[
subjects. It was determined that the largest standard 
deviation of the difference between the tooth and its 
contralateral occurred in the buccal root measurement 
RIWKH¿UVWSUHPRODUPP7KXVDGRSWLQJDQ
ĮRIDQGDSRZHURIZLWKDPLQLPXPPHDQ
difference to be detected of 10% in root length (1.47 
mm), the sample size calculation showed that 10 
subjects were necessary to achieve reliable results.
Initially, 28 subjects presenting with unilaterally 
impacted maxillary canine, palatal displaced, treated 
with the same surgical and orthodontic technique, 
were consecutively selected from an orthodontic 
JUDGXDWH SURJUDPDQG D SULYDWH SUDFWLFH 7KH ¿QDO
total sample comprised 16 patients (nine males and 
seven females), mean initial age of 11 years and 8 
PRQWKV ZKR KDG &%&7V DV ¿QDO UHFRUGV EHFDXVH
WKH\ZHUHWDNHQIRUWKLUGPRODUVGLDJQRVLVSXUSRVHV
At the end of the orthodontic treatment, all patients 
presented a mean age of 14 years and 2 months and 
were observed for a mean post-treatment period of 5 
years and 11 months, varying from 1 to 12 years. As 
an inclusion criterion, the follow-up should be done at 
least 1 year after treatment.
Teeth from the impacted-canine side were assigned 
as Group I (GI), and contralateral teeth as control, 
Group II (GII). Patients were treated with the same 
traction protocol oriented by only one supervisor 
(LCF). The same professional performed the surgery 
to minimally expose the impacted canine crown. After 
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that, a small perforation with a spherical Carbide 
bur (1/4) was done in order to pierce a 0.012” 
PHWDOOLFZLUH OLJDWXUH'HQWDXUXP*PE+	&R.*
,VSULQJHQ%DGHQ:UWWHPEHUJ*HUPDQ\DOORZLQJ
the orthodontic traction. The advantages of the crown 
SHUIRUDWLRQ DUH WKH ORZHU ULVN RI D VHFRQG VXUJLFDO
SURFHGXUH VLQFH LW LV FRPPRQZKHQ D EUDFNHW LV
bonded to a tooth under surgical conditions; the other 
advantage is related to the application of force in the 
long axis of the tooth that suffered traction in order to 
better control the direction of the traction procedure. 
In addition, less tissue manipulation and shorter 
surgery time are also observed10. After this procedure, 
WKH ÀDSZDV UHSRVLWLRQHG DQG FDQLQH WUDFWLRQZDV
performed with segmented arch mechanics by using 
0.019x0.025” TMA wires exerting a continuous force 
GHÀHFWLRQRIJ$ VWDLQOHVV VWHHOSDVVLYH´
transpalatal arch was used as anchorage and the 
impacted canines were orthodontically guided to its 
correct arch position.
In order to compare, in a long term-basis, 
root length and alveolar bone level in canines, 
lateral incisors and first premolars (both sides), 
measurements were performed in tomographic scans. 
7KH&%&7VFDQVZHUHWDNHQLQDSRVWWUHDWPHQWSHULRG
of 5 years and 11 months (mean), with the following 
machines and acquisition settings: Prexion3D (PreXion 
,QF6DQ0DWHR&D86$N9P$H[SRVXUHWLPH
RIVHFRQGVFPGLDPHWHU¿HOGRIYLHZDQG
mm voxel size; i-CAT (Imaging Sciences International, 
+DW¿HOG3$86$N9P$H[SRVXUHWLPHRI
VHFRQGVFPGLDPHWHU¿HOGRIYLHZDQGDPP
voxel size.
The acquired images were converted into DICOM 
format (Digital Imaging and Communication in 
Medicine) and measurements were made using the 
Prexion 3D Viewer software (PreXion Inc., San Mateo, 
Ca, USA). The reconstructed images were analyzed 
ZLWKDPPWKLFNQHVVSDUDPHWHU,QWKLVVWXG\WKH
PHDVXUHPHQWPHWKRG SURSRVHG E\ .LP 3DUN DQG
.RRN21 (2009) was adapted for Prexion 3D Viewer 
software. To determine root length (RL), the distance 
from the cementoenamel junction (CEJ) to the apex 
was performed. In order to determine the buccal 
alveolar bone levels (BABL) and palatal alveolar bone 
levels (PABL), distances from CEJ to buccal and palatal 
alveolar crest were measured, respectively. Canines 
and lateral incisors measurements were performed on 
VDJLWWDOVHFWLRQV&RURQDOVHFWLRQVZHUHXVHGWR¿UVW
premolars measurements (Figures 1 and 2).
Figure 1- 6DJLWWDOYLHZDVVHVVLQJURRWOHQJWK5/EXFFDODOYHRODUERQHOHYHO%$%/DQGSDODWDODOYHRODUERQHOHYHO3$%/PHDVXUHPHQWV
<HOORZOLQH5/IURPWKHFHPHQWRHQDPHO MXQFWLRQ&(-WRURRWDSH[*UHHQOLQH%$%/IURPWKHFHPHQWRHQDPHO MXQFWLRQ&(-WR
EXFFDOFUHVW%OXHOLQH3$%/IURPWKHFHPHQWRHQDPHO MXQFWLRQ&(-WRSDODWDOFUHVW5HGOLQH/LQHFRQQHFWLQJWKHFHPHQWRHQDPHO
junction (CEJ)
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Statistical analysis
Intra-examiner systematic errors were assessed 
by applying paired t-test and random errors were 
analyzed with Dahlberg’s formula. To verify the normal 
distribution of the variables, Kolmogorov-Smirnov test 
was used. Data presented a normal distribution. The 
comparison of root length and alveolar bone level 
changes between groups was assessed by applying 
SDLUHGWWHVWDWDVLJQL¿FDQFHOHYHORIS
All statistical analyses were performed with Statistica 
software (Statistica for Windows 5.0; Statsoft, Tulsa, 
OK, USA).
Results
Root length
Regarding root length, results showed no statistically 
VLJQL¿FDQWGLIIHUHQFHEHWZHHQJURXSV7DEOH7KH
highest standard deviation of the difference between 
the means in the two groups was found in canine 
measurements (0.95 mm), and the lowest in the 
SDODWDOURRWRIWKH¿UVWSUHPRODUVPP:KHQ
comparing the two groups, GI showed decreased root 
length in 67.18% (0.63 mm) of the sample, with the 
largest reduction equivalent to 26% of the root length 
of the contralateral tooth.
Alveolar bone level
Statistical analysis of the results showed no 
VLJQL¿FDQW GLIIHUHQFH EHWZHHQ JURXSV 7KH KLJKHVW
Teeth G I G II dif. P
mean s.d mean s.d
LI(mm) 13.01 1.58 13.57 2.16 0.56 0.095ns
C(mm) 15.83 2.13 16.78 2.81 0.95 0.105ns
PM - B(mm) 13.77 1.62 14.41 1.77 0.64 0.083ns
PM - P(mm) 13.65 1.57 14.05 1.85 0.40 0.322ns
QVQRQVLJQL¿FDQW&FDQLQH/,ODWHUDOLQFLVRU30%EXFFDOSUHPRODU303SDODWDOSUHPRODU
Table 1- Intergroup comparison regarding root length measurements (paired t-test)
Figure 2- &RURQDOYLHZDVVHVVLQJURRWOHQJWK5/EXFFDODOYHRODUERQHOHYHO%$%/DQGSDODWDODOYHRODUERQHOHYHO3$%/PHDVXUHPHQWV
<HOORZOLQH%$%/IURPWKHFHPHQWRHQDPHOMXQFWLRQ&(-WREXFFDOFUHVW5HGOLQH5/IURPWKHFHPHQWRHQDPHOMXQFWLRQ&(-WRURRW
DSH[3LQNOLQH5/IURPWKHFHPHQWRHQDPHOMXQFWLRQ&(-WRURRW$SH[%OXHOLQH3$%/IURPWKHFHPHQWRHQDPHOMXQFWLRQ&(-WR
SDODWDOFUHVW3XUSOHOLQH/LQHFRQQHFWLQJWKHFHPHQWRHQDPHOMXQFWLRQ&(-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standard deviation of the difference between the 
means regarding the buccal alveolar bone level (BABL) 
in the two groups was 0.03 mm found in the premolars 
(Table 2) and regarding the palatal alveolar bone level 
(PABL) was 0.39 mm, found in lateral incisors (Table 
3). When comparing GI and GII, 56% of GI showed 
a decrease in BABL measurement and 58.3% in the 
PABL measurement. In three premolars, one in GI 
(impacted) and two in GII (control group), the absence 
of buccal alveolar bone was noted.
Discussion
The need of significant tooth movement and 
the lengthy orthodontic treatment associated with 
forced eruption of ectopic canines may increase the 
susceptibility to root resorption and alveolar bone level 
changes in such patients.
 Considering the sort of sequelae involved in 
orthodontic traction of impacted canines, the decision 
of using CBCT images in this study was based upon the 
higher accuracy and precision24 of this method when 
compared with 2-D images. Furthermore, intraoral 
UDGLRJUDSKVKDYHGLVDGYDQWDJHVVXFKDVWKHGLI¿FXOW\
of standardization and the image distortion19,26. 
Moreover, it would not be possible to visualize buccal 
DQGSDODWDODOYHRODUERQHOHYHOVZKHQSHULDSLFDO¿OPV
DUHWDNHQGXHWRWKHVXSHULPSRVLQJRILPDJHVDQG
in lateral cephalograms, due to the teeth positions in 
the dental arch. In addition, such images do not allow 
the detection of fenestrations.
To perform root length measurement, either an 
ordinal scale (0-4) could be employed or the direct root 
measurement. Regarding the periodontal conditions, 
HLWKHUWKHSURELQJSRFNHWGHSWK11 could be performed 
or the measuring of the alveolar crest using periapical 
radiographs19. The method chosen in this study, to 
obtain the root length and alveolar palatal bone and 
level measurements, has been previously described by 
.LP3DUNDQG.RRN21PRGL¿HGE\+DQGHOPDQ17 
DQG%HFNPDQQHWDO4 (1998), which used the 
cement-enamel junction as reference. The accuracy of 
this method has already been proven earlier and the 
results of systematic error assessments, evaluated 
E\ SDLUHG WWHVW VKRZHG QR VWDWLVWLFDOO\ VLJQL¿FDQW
difference, with exception of the buccal bone level of 
the lateral incisors, and the random error, assessed 
by applying Dahlberg’s formula was from 0.02 of the 
buccal alveolar bone level of the canines to 0.21 of 
the root length from lateral incisors.
Some important advantages of the closed-eruption 
technique associated with a canine crown perforation 
SHUIRUPHGLQWKLVVWXG\DUHKLJKOLJKWHGUHGXFHGULVN
of a new surgical procedure; less tissue manipulation, 
HVSHFLDOO\WKHGHQWDOIROOLFOHLPSRUWDQWIUDPHZRUNIRU
tooth eruption) and a mechanical advantage of allowing 
the application of force in the long axis of the teeth. A 
segmented arch and the use of transpalatal arch as an 
anchorage device was the selected mechanics for the 
orthodontic traction of impacted canines, as proposed 
by Lindauer and Issacson23 (1995). The canines were 
guided to erupt on the palate avoiding the contact with 
WKHURRWVRIDGMDFHQWWHHWKDQGWKXVUHGXFLQJWKHULVN
of root resorption.
Teeth G I G II dif. P
mean s.d mean s.d
LI(mm) 9.38 2.97 10.30 2.21 0.92 0.166ns
C(mm) 12.49 3.15 12.13 4.50 -0.36 0.747ns
PM(mm) 9.03 3.95 9.06 4.11 0.03 0.981ns
QVQRQVLJQL¿FDQW&FDQLQH/,ODWHUDOLQFLVRU30SUHPRODU
Table 2- Intergroup comparison regarding buccal bone level measurements (paired t-test) 
Teeth G I G II dif. P
mean s.d mean s.d
LI(mm) 11.15 1.29 11.54 1.99 0.39 0.280ns
C(mm) 13.43 2.43 14.26 3.13 0.83 0.163ns
PM(mm) 10.86 2.02 10.14 2.77 -0.72 0.135ns
QVQRQVLJQL¿FDQW&FDQLQH/,ODWHUDOLQFLVRU30SUHPRODU
Table 3- Intergroup comparison regarding palatal bone level measurements (paired t-test) 
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Despite the results of this study had pointed out to 
a minimal decrease in the root length measurements 
of canines and adjacent teeth from GI compared with 
*,,QRVWDWLVWLFDOVLJQL¿FDQWGLIIHUHQFHZDVIRXQG7KLV
VOLJKWGLIIHUHQFHEHVLGHVQRWVWDWLVWLFDOO\VLJQL¿FDQW
KDVQRFOLQLFDOVLJQL¿FDQFHVLQFHWKHPD[LPXPYDOXH
of the comparison between sides was 0.95 mm. These 
UHVXOWVFRXOGEHLQÀXHQFHGE\OLJKWIRUFHVDSSOLFDWLRQ
during the traction mechanics.
These findings reinforce the results found by 
Brusveen, et al.8 (2012) and Lempesi, et al.22 (2014) 
WKDW WKHUH LV QR VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH
among the groups. These authors, however, evaluated 
only the root length of the incisors. Woloshyn, et al.31 
DQG6FKPLGWDQG.RNLFK28 (2007) evaluated 
through periapical radiographs the root length 
RI WKH LQFLVRUV FDQLQHV DQG ¿UVW SUHPRODUV 7KH
only difference between these two studies was the 
VXUJLFDODSSURDFKLQWKH¿UVWVWXG\WKH\DGRSWHGWKH
closed-eruption technique and orthodontic traction, 
similarly to our study, and in the second one, an 
DSLFDOO\SRVLWLRQHGÀDSZLWKRXWRUWKRGRQWLFWUDFWLRQ
Corroborating our results, the authors found a 
small decrease in root length, but without statistical 
VLJQL¿FDQFH+RZHYHUWKHURRWOHQJWKRISUHPRODUVLQ
WKHVWXG\RI6FKPLGWDQG.RNLFK28 (2007), presented 
similar results among groups. A limitation in these 
studies was the use of periapical radiographs, which 
FRXOGLQÀXHQFHWKHUHVXOWVEHFDXVHRIWKHRYHUODSSLQJ
of buccal and palatal roots. Another difference between 
RXUV DQG6FKPLGW DQG.RNLFK¶V VWXG\28 (2007) was 
WKH DSLFDOO\ SRVLWLRQHG ÀDS WHFKQLTXH HPSOR\HG RQ
that research. We understand that not all canines can 
EH WUHDWHGE\DSLFDOSRVLWLRQLQJRI WKHÀDSZLWKRXW
orthodontic traction, particularly those most ectopic 
positioned, in which orthodontic traction is a challenge 
IRUWKHRUWKRGRQWLVWDQGPD\DOVRLQÀXHQFHRQWKHURRW
resorption induced by orthodontic treatment22.
Regarding the buccal and palatal alveolar bone 
level, although our results showed that comparing GI 
and GII, 56% of GI showed a decrease in BABL, this 
GLIIHUHQFHZDVQRWFRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW
These results are similar to those reported by Schmidt 
DQG.RNLFK28 (2007) when evaluating the mesial and 
distal bone level using periapical radiographs. The 
VDPH UHVXOWV UHJDUGLQJ SHULRGRQWDO ¿QDO FRQGLWLRQ
(probing depth) were found by Caprioglio, Vanni and 
Bolamperti11 (2013) evaluating palatally impacted 
canines that suffered traction. On the other hand, 
%HFNHU DQG &KDXVKX3 (2005) and Evren, et al.16 
(2014), assessing the mesial and distal bone level 
in canines that suffered traction, also in periapical 
UDGLRJUDSKVIRXQGDVWDWLVWLFDOO\VLJQL¿FDQWERQHORVV
among groups. On the latest, not only palatally, but 
buccally displaced canines presented reduced bone 
levels compared with their contralaterals. It should 
be highlighted that palatally displaced canines, when 
suffering traction, may not compromise the periodontal 
status as those buccally displaced.
6RPHFRQÀLFWLQJ¿QGLQJVFRXOGEHDFFRXQWHGE\WKH
method of evaluation, either CBCT scans or periapical 
radiograph, which could stand for such difference. 
Also, the traction protocol and the initial position 
RI WKH FDQLQHV FRXOG LQÀXHQFH WKHVH UHVXOWV VLQFH
the role of adequate oral hygiene during appliance 
WKHUDS\PD\EHVLJQL¿FDQW6,16,18. More reliable results 
should be achieved in performing measurements 
in CBCT scans, but in two different periods, before 
and after treatment. The limitations of this study are 
WKDWRQO\WKH¿QDO&%&7LPDJHVZHUHDYDLODEOHDQG
its retrospective design. But exposing patients to 
unnecessary radiation should also be avoided, even 
considering only the maxillary area. Other limitation 
of our study is that the sample size seemed small (16 
subjects), but the sample size calculation showed that 
10 subjects were necessary to achieve reliable results.
It is important to emphasize that an early diagnosis 
is always better to prevent irreversible damages to the 
involved and adjacent teeth9,12. Even after an early 
diagnosis, in some cases it is necessary to perform 
tooth traction. Besides that, according to this research 
we can state that the traction protocol associated with 
the orthodontic corrective treatment did not negatively 
affect the periodontal status and the root length of the 
impacted canines and adjacent teeth.
Conclusion
The treatment of impacted canines had minimal 
effect on root length and buccal and palatal alveolar 
bone levels, not only in orthodontic canines that 
suffered traction, but also in adjacent teeth (lateral 
LQFLVRUDQG¿UVWSUHPRODUGHPRQVWUDWLQJDJRRGORQJ
term prognosis of this treatment protocol.
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